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DRIVE DEVICE, IMAGE ACQUISITION
DEVICE, AND ELECTRONIC APPARATUS

TECHNICAL FIELD

The present invention relates to a drive device, an image
acquisition device, and an electronic apparatus.

BACKGROUND ART

Imaging devices such as cameras are embedded into a wide
variety of products today. When a camera is mounted on a
small-sized electronic apparatus such as a cellular phone or a
notebook computer, downsizing of the camera itself is
strongly demanded.

An autofocus lens is incorporated into a camera in some
cases. In such a case, downsizing of an actuator that displaces
the lens is strongly demanded. As a small-sized actuator, an
actuator that displaces a movable object by driving an piezo-
electric element is known (cf. Patent document 1). In the
actuator, vibration produced upon application of a voltage
waveform to a piezoelectric element is transmitted, through a
shaft coupled to the piezoelectric element, to a lens barrel
slidably engaged with the shaft. By setting an appropriate
waveform of the voltage waveform applied to the piezoelec-
tric element, the speed of expansion and the speed of contrac-
tion of the piezoelectric element are differentiated. By the
friction between the lens barrel and the shaft and the inertia of
the lens barrel, the lens barrel undergoes or does not undergo
displacement depending on the expansion and contraction
state of the piezoelectric element.

For example, when the piezoelectric element expands in a
short time, the lens barrel is not substantially displaced. When
the piezoelectric element expands in a relatively long time,
the lens barrel is displaced. On the contrary, when the piezo-
electric element contracts in a short time, the lens barrel is not
substantially displaced. When the piezoelectric element con-
tracts in a relatively long time, the lens barrel is displaced.

By continuously applying a given voltage waveform (e.g. a
sawtooth-shaped voltage waveform) to the piezoelectric ele-
ment, the lens barrel can be moved in a desired direction on
the shaft with which the lens barrel is engaged.

Patent document 1 discloses a structure in which a piezo-
electric element and a drive shaft coupled to the piezoelectric
element are supported by a special frame. Patent document 2
discloses a structure in which a drive device is produced with
inclusion of a spindle. Patent document 3 discloses a drive
device of the similar structure. Patent document 4 discloses a
drive device in which a piezo element is urged by a leaf spring
so that the piezo element and a shaft member are engaged
with each other (cf. FIG. 10 in Patent document 4).

CITATION LIST
Patent Literature

[Patent document 1] Japanese Unexamined Patent Applica-
tion Publication No. 2006-91210

[Patent document 2] Japanese Patent No. 2625567

[Patent document 3] Japanese Unexamined Patent Applica-
tion Publication No. 2002-95274

[Patent document 4] Japanese Unexamined Patent Applica-
tion Publication No. 2006-178490

SUMMARY OF INVENTION
Technical Problem

Incidentally, in the case of displacing the lens by driving
the above-described actuator for implementing the autofocus
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function or zoom function, it is typical to drive the piezoelec-
tric element at a constant frequency.

When a camera module is configured by fastening a piezo-
electric element coupled to a drive shaft to a stationary mem-
ber, resonance occurs in the stationary member due to the
coupling of the piezoelectric element to the stationary mem-
ber. As aresult that a plurality of resonance frequencies arise,
a frequency range (resonance frequency range) in which the
displacement of a movable object is difficult to be controlled
is generated. Note that the resonance frequency range
depends on the shape and weight of the stationary member
and the bonding state between the piezoelectric element and
the stationary member and differs for each product into which
the drive device is incorporated. If a given drive frequency is
within the resonance frequency range, there is a possibility
that accurate control of the actuator is difficult. Stated differ-
ently, whether the actuator functions normally or not can be
determined only after the actuator is incorporated into a prod-
uct. Setting error of the drive frequency can cause a decrease
in product yield.

Further, in the case of implementing the zoom function, it
may be necessary in some cases to change the moving speed
of'the lens, which is a movable object, from a high speedto a
low speed. The change of the moving speed is performed by
changing the drive frequency of the piezoelectric element.
Specifically, for high-speed movement, the piezoelectric ele-
ment is driven at a high frequency. For low-speed movement,
the piezoelectric element is driven at a low frequency. In order
to implement the zoom function, because a frequency band to
be used is wide, a possibility that the use frequency band
coincides with the above-described resonance frequency
range increases more significantly. In such a case, there is a
possibility that accurate control of the zoom mechanism is
difficult.

The above problem can be improved to a certain degree by
fixing the end of the drive shaft at which the piezoelectric
element is not fastened to the stationary member, not fasten-
ing the piezoelectric element to the stationary member. How-
ever, this does not fundamentally solve the above problem.

As is obvious from the above description, it is strongly
demanded to provide a drive device in which the frequency of
the drive waveform applied to a piezoelectric element can be
easily set with less obligation to consider resonance in a
stationary member.

The present invention has been accomplished to solve the
above problem and an object of the present invention is thus
to provide a drive device capable of more easily setting the
frequency of the drive waveform applied to a piezoelectric
element with less obligation to consider resonance in a sta-
tionary member.

Solution to Problem

A drive device according to the present invention includes
a piezoelectric element that expands and contracts according
to a drive voltage, a drive shaft that receives vibration pro-
duced by the piezoelectric element, a stationary member that
holds the drive shatft in a state where the drive shaft is slidable
along a longitudinal direction of the drive shaft, and a mov-
able object that is displaced together with the piezoelectric
element and the drive shaft relative to the stationary member
according to drive of the piezoelectric element, wherein the
piezoelectric element and the drive shaft move in a moving
direction of the movable object in synchronization with the
movable object according to drive of the piezoelectric ele-
ment in a state where the piezoelectric element is spaced from
the stationary member.
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It is preferred that the piezoelectric element and the drive
shaft do not project more than the movable object in the
moving direction side of the movable object.

It is preferred that the stationary member includes a shaft
holding part that holds the drive shaft, and a main body part to
which the shaft holding part is fixed.

It is preferred that the shaft holding part is detachable from
the main body part.

It is preferred that the main body part is a surrounding
member that surrounds the movable object.

It is preferred that the shaft holding part and the main body
part are coupled to each other by structural engagement.

It is preferred that the shaft holding part and the main body
part are formed integrally.

It is preferred that the movable object has at least one
support part that fixedly supports the drive shaft.

It is preferred that the movable object has a plurality of
support parts that fixedly support the drive shaft.

It is preferred that the shaft holding part is placed between
the plurality of support parts.

It is preferred that a moving range of the movable object is
restricted by abutting of the support part against the shaft
holding part.

It is preferred that the drive shaft is made of material with
a relative density of 2.1 or less. It is further preferred that the
drive shaft is made of material with a relative density of 2.1 or
less and an elastic modulus of 20 GPa or more. It is also
preferred that the drive shaft is made of at least one material
selected from a group of glass-like carbon, glass-like carbon
complex at least containing graphite, fiber-reinforced resin
containing carbon, and epoxy resin composite containing
glass or carbon.

It is preferred that the piezoelectric element and the drive
shaft are coupled to each other.

It is preferred that the movable object is a lens holder that
holds a lens.

An image acquisition device according to the present
invention includes the above-described drive device, and an
image pickup unit that captures an image input through the
lens.

An electronic apparatus according to the present invention
includes the above-described image acquisition device.

A drive device according to the present invention includes
a stationary member, a piezoelectric element, a drive shaft
that receives vibration produced by the piezoelectric element,
and a movable object that is fixed to at least one of the
piezoelectric element and the drive shaft and displaced
according to drive of the piezoelectric element, wherein the
drive shaft is engaged with the stationary member in a state of
being slidable along a longitudinal direction of the drive shaft,
the piezoelectric element and the drive shaft are displaced
relative to the stationary member according to drive of the
piezoelectric element, and the movable object is displaced
together with the piezoelectric element and the drive shaft
relative to the stationary member.

Advantageous Effects of Invention

According to the present invention, it is possible to provide
a drive device capable of reducing the obligation to consider
resonance in a stationary member and more easily setting the
frequency of the drive waveform applied to a piezoelectric
element.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic exploded perspective view of a cam-
era module according to a first embodiment of the present
invention;

10

15

30

40

45

55

4

FIG. 2 is a schematic partial perspective view ofthe camera
module according to the first embodiment of the present
invention;

FIG. 3 is a schematic perspective view of the camera mod-
ule in a finished state according to the first embodiment of the
present invention;

FIG. 4 is a schematic perspective view of a casing accord-
ing to the first embodiment of the present invention;

FIG. 51is a schematic perspective view of a lens unit accord-
ing to the first embodiment of the present invention;

FIG. 6 is a schematic perspective view ofa cover according
to the first embodiment of the present invention;

FIG. 7 is a schematic top view of the lens unit according to
the first embodiment of the present invention;

FIG. 8 is a view showing a schematic cross-sectional struc-
ture of the lens unit according to the first embodiment of the
present invention;

FIG. 9 is an illustrative view to illustrate a method of
attaching the lens unit to the casing according to the first
embodiment of the present invention;

FIG. 10 is a side view of the lens unit according to the first
embodiment of the present invention;

FIG. 11 is a view showing a schematic cross-sectional
structure of the lens unit according to the first embodiment of
the present invention;

FIG. 12 is a view showing a schematic cross-sectional
structure of the camera module according to the first embodi-
ment of the present invention;

FIG. 13 is a schematic view showing a structure of a cel-
Iular phone according to the first embodiment of the present
invention;

FIG. 14 is a schematic view showing a front structure of the
cellular phone according to the first embodiment of the
present invention;

FIG. 15 is a block diagram showing a configuration of a
drive unit for driving an actuator according to the first
embodiment of the present invention;

FIG. 16A is a schematic waveform chart showing a voltage
waveform applied to a piezoelectric element according to the
first embodiment of the present invention;

FIG. 16B is a schematic waveform chart showing a voltage
waveform applied to a piezoelectric element according to the
first embodiment of the present invention;

FIG. 17A is a schematic process drawing to illustrate a
manufacturing method of a camera module according to the
first embodiment of the present invention;

FIG. 17B is a schematic process drawing to illustrate a
manufacturing method of a camera module according to the
first embodiment of the present invention;

FIG. 17C is a schematic process drawing to illustrate a
manufacturing method of a camera module according to the
first embodiment of the present invention;

FIG. 17D is a schematic process drawing to illustrate a
manufacturing method of a camera module according to the
first embodiment of the present invention;

FIG. 18 is a schematic graph to illustrate characteristics of
adrive device according to the first embodiment of the present
invention;

FIG. 19A is a schematic view showing a structure of a
camera module according to a second embodiment of the
present invention;

FIG. 19B is a schematic view showing a structure of the
camera module according to the second embodiment of the
present invention;

FIG. 20 is a schematic view showing a structure of a cam-
era module according to a third embodiment of the present
invention;
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FIG.21A is a schematic view showing a structure of a shaft
holding part of the camera module according to the third
embodiment of the present invention; and

FIG. 21B is a schematic view showing a structure of a shaft
holding part of the camera module according to the third
embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention are described here-
inafter with reference to the drawings. Each embodiment is
simplified for convenience of description. The drawings are
given in simplified form by way of illustration only, and thus
are not to be considered as limiting the present invention. The
drawings are given merely for the purpose of explanation of
technological matters, and they do not show the accurate scale
or the like of each element shown therein. The same elements
are denoted by the same reference symbols, and the redundant
explanation is omitted. The terms indicating the directions,
such as up, down, left and right, are used on condition that
each drawing is viewed from the front.

First Embodiment

A first embodiment of the present invention is described
hereinafter with reference to FIGS. 1 to 18.

As shown in FIGS. 1 to 3, a camera module (image acqui-
sition device) 150 includes a flexible wiring board 10, a
connector 11, an image sensor (imaging unit, imaging means)
12, a transparent substrate 13, a casing (main body part,
surrounding member) 20, a lens unit (lens part) 30, a cover 50,
and a screw 55.

The connector 11 is disposed on one end of the flexible
wiring board 10. The image sensor 12 attached onto the
transparent substrate 1313 is disposed on the other end of the
flexible wiring board 10. Above the image sensor 12, the
square transparent substrate 13, the case 20, the lens unit 30,
the cover 50 and the screw 55 are arranged in this order. Note
that the lower end surface of the case 20 is fixed to the flexible
wiring board 10 by a black adhesive. This prevents extraneous
light from entering the inside of the case 20. Note that the case
20 functions as a stationary member in the state of not moving
(in the state of being fixed) when viewed from a moving
object.

For convenience of description, structures of the case 20,
the lens unit 30 and the cover 50 are described beforehand
with reference to FIGS. 4 to 6.

As shown in FIG. 4, the case 20 has side portions 21a, 215
and 21c and a partition 22 and has a rectangular solid shape
lacking a top face and one of the four side faces. By the
partition 22, a lower space SP1 for housing the image sensor
12 and an upper space SP2 for housing the lens unit 30 are
created in the case 20.

The partition 22 has an opening OP1 for an image input
through a lens held by the lens unit 30 to be formed on an
imaging surface of the image sensor 12. By the opening OP1,
the lower space SP1 and the upper space SP2 are optically
contactable. The opening OP1 can be an opening in an optical
sense, and it is not necessarily a physically created hole.

A channel 26 for positioning the cover 50 is cut at the upper
ends of the side portions 21a, 215 and 21c¢. A boundary 23a
between the side portion 21a and the side portion 215 has a
screw hole OH into which the screw 55 is screwed. A bound-
ary 23b between the side portion 215 and the side portion 21¢
has a rail 24. A receiving portion 25 is made at the upper end
of the inner surface of the side portion 21a. Note that the rail
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24 extends along the y-axis and functions as a guide part for
guiding the movement of a lens holder 31.

As shown in FIG. 5, the lens unit 30 is composed of lenses
L1 to L4 (cf. FIG. 8), a lens holder (lens holding part) 31, a
piezo element (piezoelectric element) 42, a transmission
shaft (drive shaft) 44, and a shaft holding part (link member,
engaging portion) 45. The lens holder 31 houses the lenses [.1
to L4 inside. On the periphery of the lens holder 31, the
transmission shaft 44 to which the piezo element 42 is fas-
tened at one end and the shaft holding part 45 engaged with
the transmission shaft 44 are disposed. On the peripheral
surface of the lens holder 31, a support plate (support part) 32
and a rail receiving portion 35 are integrally formed. The
support plate 32 is placed on a flat surface 31a made on the
peripheral surface of the lens holder 31. The transmission
shaft 44 is fit into a hole of the support plate 32, so that the
transmission shaft 44 is fixed to the lens holder 31. Note that
a drive device is made up, including the case 20, the lens
holder 31, the piezo element 42, the transmission shaft 44 and
the shaft holding part 45.

The piezo element 42 and the transmission shaft 44 are
firmly fixed to each other. The transmission shaft 44 is fixed to
the lens holder 31. The shaft holding part 45 holds the trans-
mission shaft 44 in the state of being slidable along the y-axis.
In other words, the shaft holding part 45 and the transmission
shaft 44 are in friction engagement with each other. The
lenses, the lens holder 31, the piezo element 42 and the
transmission shaft 44 having the relative positional relation-
ship fixed to one another can be regarded as movable objects
which can move relative to the shaft holding part 45 and the
case 20. On the other hand, the shaft holding part 45 and the
case 20 can be regarded as stationary members.

As shown in FIG. 6, the cover 50 has a top plate 51 and a
side plate 52 and it is an L.-shaped member that closes the top
face and one side face of the case 20. The top plate 51 has an
opening OP3 that can partially house the front end of the lens
holder 31. This enables displacement along the y-axis of the
lens unit 30 with a suppressed increase in the thickness of the
camera module 150. The top plate 51 also has a hole (not
shown) into which the screw 55 is inserted. The top plate 51
is provided with a thin part 53 with a small thickness at a
position corresponding to the placement position of the hole
into which the screw 55 is inserted. This prevents the thick-
ness of the camera module from increasing by the size of the
head of the screw 55.

Referring back to FIGS. 1 to 3, further description will be
presented. Reference is made also to FIGS. 4 to 6 as needed.

The flexible wiring board 10 is a sheet-like wiring board
having flexibility. The flexible wiring board 10 functions as a
transmission path of a control signal input to the image sensor
12 and a video signal output from the image sensor 12. Fur-
ther, the flexible wiring board 10 functions as a transmission
path of a voltage pulse input to the piezo element 42.

The connector 11 forms a connecting part for electrically
and mechanically fixing the camera module 150 to a main
apparatus.

The image sensor 12 is a general solid-state image pickup
device such as a CCD (Charge Coupled Device) sensor or a
CMOS (Complementary Metal Oxide Semiconductor) sen-
sor. The image sensor 12 has a plurality of pixels arranged in
matrix on an X-z plane. By photoelectric conversion in each
pixel, an input image is converted into image data and output.

The transparent substrate 13 is a glass plate that is substan-
tially transparent to input light. The image sensor 12 is
mounted onto the backside (output surface) of the transparent
substrate 13 via bumps. A light receiving surface 12a of the
image sensor 12 is placed on the side of the transparent
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substrate 13. On the backside of the transparent substrate 13,
a wiring pattern is formed beforehand. A plurality of solder
bumps are disposed between the transparent substrate 13 and
the image sensor 12. The wiring pattern and electrodes of the
image sensor 12 are electrically connected by the solder
bumps interposed therebetween. By the solder bumps pro-
vided at the positions of the electrodes of the image sensor 12,
the image sensor 12 is fixed to the transparent substrate 13 and
electrically connected to electrodes (pads) of the transparent
substrate 13.

A distance (spaced distance) between the image sensor 12
and the transparent substrate 13 is determined by the size of
the solder bumps. It is easy to control the size of the solder
bumps. Therefore, the positioning between the image sensor
12 and the transparent substrate 13 can be made accurately by
appropriately controlling the size of the solder bumps. Fur-
ther, because the positioning is made by the plurality of solder
bumps, the spaced distance between the image sensor 12 and
the transparent substrate 13 is balanced.

Further, solder bumps are arranged between the transpar-
ent substrate 13 and the flexible wiring board 10. By the
solder bumps, electrical connection between the transparent
substrate 13 and the flexible wiring board 10 is secured. Note
that a space is made between the image sensor 12 and the
flexible wiring board 10. In other words, the solder bumps
function as a spacer for creating a space between the image
sensor 12 and the flexible wiring board 10.

The case 20 is disposed above the image sensor 12. The
case 20 houses the image sensor 12 in the lower space SP1 and
houses the lens unit 30 in the upper space SP2. A bottom
surface part (base end surface) of the side wall of the case 20
that forms the lower space SP1 is fixed to the flexible wiring
board 10 by a black adhesive. The use of the case 20 enables
modularization of the camera function. Note that the case 20
is produced by molding of black resin, for example.

The lens unit 30 holds the lenses 1 to .4 (cf. FIG. 8). The
lens unit 30 is movable along the y-axis (the axis line coin-
ciding with the optical axis of the lenses L1 to [.4) (excluding
the shaft holding part 45). By adjusting the placement height
of the lenses L1 to 4 relative to the imaging surface of the
image sensor 12, an object image can be appropriately formed
on the imaging surface of the image sensor 12.

The cover 50 is attached to the case 20 to which the lens
unit 30 is attached. The lens unit 30 disposed in the upper
space SP2 of the case 20 can be thereby confined inside the
case 20.

The cover 50 is attached to the case 20 by the screw 55.
Because the cover 50 is fixed to the case 20 not by adhesion
but by the screw 55, the cover 50 is detachable from the case
20. This allows the cause of defect of the camera module 150
determined to be defective by an operating test to be removed
after the test. For example, by eliminating a foreign particle
sticking on the imaging surface of the image sensor 12 after
the operating test, the yield of the camera module can be
improved. Note that the cover 50 is produced by molding of
resin, for example.

Hereinafter, a structure of the lens unit 30 is specifically
described with reference to FIGS. 7 and 8. FIG. 8 shows a
schematic cross-sectional structure of the lens unit 30 along a
virtual axis line shown in FIG. 7.

As shown in FIG. 7, the support plate 32 and the rail
receiving portion 35 are formed on the periphery of the lens
holder 31.

By fixedly supporting the transmission shaft 44 by the
support plates 32a and 325 with the shaft holding part 45
placed therebetween, the moving range of the shaft holding
part 45 (the moving range of the lens holder 31) can be
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restricted. However, it is not limited to such two-point sup-
port, and one-point support that mechanically fixes the trans-
mission shaft 44 to the support plate 32a only may be
employed, and the upper limit of the moving range of the link
portion 45 may be restricted.

The transmission shaft 44 is mechanically fixed to the
support plate 32a. The hole of the support plate 32a is slightly
narrower than the diameter of the transmission shaft 44. By
fitting the transmission shaft 44 into the hole of the support
plate 32a by applying a pressure, the transmission shaft 44
can be mechanically fixed to the support plate 32. Further, the
transmission shaft 44 is mechanically fixed to the support
plate 325. The hole of the support plate 326 is slightly nar-
rower than the diameter of the transmission shaft 44. By
fitting the transmission shaft 44 into the hole of the support
plate 325 by applying a pressure, the transmission shaft 44
can be mechanically fixed to the support plate 32. By tightly
holding the transmission shaft 44 by the support plates 32a
and 32b, a vibration transmission rate between the transmis-
sion shaft 44 and each of the support plates 32a and 326
increases. This enables efficient displacement of the lens
holder 31.

The opening diameter of the support plate 326 may be
made larger than the opening diameter of the support plate
32a, and the transmission shaft 44 and the support plate 325
may be bonded together by a silicone adhesive. The support
plate 325 and the transmission shaft 44 can be thereby fixed
resiliently. As another method, the opening diameter of the
support plate 325 may be made slightly larger than the open-
ing diameter of the support plate 324, and the transmission
shaft 44 may be press-fitted thereinto. Further, as another
method, the support plate 325 and the transmission shaft 44
may be fixed to each other by an O ring therebetween.

The transmission shaft 44 may be tightly held by the sup-
port plate 324, and the transmission shaft 44 may be loosely
held by the support plate 3256. In this case, the vibration
transmission rate between the transmission shaft 44 and the
support plate 32a is high, and the vibration transmission rate
between the transmission shaft 44 and the support plate 325 is
low. Hereinafter, the former is referred to as strong fastening,
and the latter is referred to as weak fastening.

In the case of employing a method different from the press
fitting, the above-described weak fastening and strong fasten-
ing can be achieved by appropriately selecting adhesives. For
example, it is preferred to use a thermosetting adhesive for
achieving the strong fastening, and to use a silicone adhesive
for making the weak fastening. In this case, the opening
diameters of the support plates 32a and 325 may be set to the
same size.

Note that, in the case of the strong fastening, when the
strength of vibration produced by the piezo element 42 is
100%, vibration with 90% of that strength is received by the
support plate 324. In the case of the weak fastening, vibration
with 70% of the strength of vibration produced by the piezo
element 42 is received by the support plate 325. In this
example, a fastening method by which vibration with 80% or
more of the strength of vibration produced by the piezo ele-
ment 42 is defined as the strong fastening, and a fastening
method by which vibration with less than 80% of the strength
of vibration produced by the piezo element 42 is defined as
the weak fastening.

The rail receiving portion 35 is a protrusion which projects
outward and has a depression 354 coinciding with the shape
of the rail 24. The surface of the rail 24 comes into contact
with the surface 355 of the depression 354. By the contact
between the rail 24 and the rail receiving portion 35, friction
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occurs when the lens holder 31 is displaced along the y-axis.
This enables stabilization of the movement of the lens holder
31.

As shown in FIG. 8, the lens holder 31 houses the lenses L1
to L4. The lenses L1 to L4 are press-fitted and positioned
relative to the lens holder 31 with predetermined accuracy.
Note that the lenses may be fixed to the lens holder 31 by a
method different from the press-fitting. A top plate of the lens
holder 31 has an opening OP2. The top plate of the lens holder
31 functions optically as a diaphragm.

The two support plates 32a and 325 arranged in the y-axis
direction with a certain space therebetween are formed on the
peripheral surface of the lens holder 31. The support plates
32a and 326 are plate-shaped parts that extend outside of the
lens holder 31.

The shaft holding part 45 engaged with the transmission
shaft 33 is disposed between the support plates 32a and 325.
The respective members of the support plates 32a and 325
and the shaft holding part 45 have holes through which the
transmission shaft 33 is inserted. In the state where the shaft
holding part 45 is placed between the support plates 32a and
325, the transmission shaft 44 is inserted to those members.
The lens holder 31 and the shaft holding part 45 are thereby
coupled through the transmission shaft 44 as shown in FIG. 8.

The hole of the shaft holding part 45 substantially coin-
cides with the diameter of the transmission shaft 44. The
transmission shaft 44 is inserted into the hole of the shaft
holding part 45, so that the shaft holding part 45 is engaged
with the transmission shaft 44 so as to be slidable along the
y-axis. Note that the shaft holding part 45 and the transmis-
sion shaft 44 are in contact state, and when the transmission
shaft 44 is disposed relative to the shaft holding part 45,
friction occurs between the shaft holding part 45 and the
transmission shaft 44.

The piezo element 42 is a typical piezoelectric element in
which ceramics layers (piezoelectric layers) are laminated. A
pair of electrodes 43 (cf. FIG. 5) are formed on sides surfaces
of the piezo element 42. When, in the state where one elec-
trode 43 is grounded, a voltage pulse is applied to the other
electrode 43, the piezo element 42 expands and contracts in
the y-axis direction, for example.

The transmission shaft 44 is fixed to the upper face of the
piezo element 42. Specifically, the transmission shaft 44 is
fixed to the piezo element 42 by an adhesive in the state where
the lower end face of the transmission shaft 44 is placed on the
upper face of the piezo element 42. Note that the transmission
shaft 44 may be fixed to the piezo element 42 in a method
different from the adhesive. For example, an attachment that
has the same sectional shape as the piezo element and has a
depressed portion to which the transmission shaft can be fit at
its upper part may be prepared above the piezo element 42,
and the transmission shaft and the piezo element may be
coupled with the attachment placed therebetween.

The transmission shaft 44 transmits vibration produced by
the piezo element 42 to the shaft holding part 45. The shaft
holding part 45 is mechanically fixed to the case 20. Accord-
ingly, the transmission shaft 44 transmits the vibration pro-
duced by the piezo element 42 to the case 20 through the shaft
holding part 45, and because the shaft holding part 45 is fixed
to the case 20, the vibration produced by the piezo element 42
causes the piezo element 42 and the transmission shaft 44
fixed thereto and the lens holder 31 itself to move relative to
the shaft holding part 45. The transmission shaft 44 is pref-
erably lightweight and highly rigid. The transmission shaft 44
is produced by molding carbon, beryllium or the like, for
example. Alternatively, it is verified experimentally that car-
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bonaceous material such as glass-like carbon (amorphous
carbon) and thermosetting epoxy resin material are most suit-
able as the material.

A method of attaching the lens unit 30 to the case 20 is
described hereinafter with reference to FIG. 9.

As shown in FIG. 9, the shaft holding part 45 has a curved
surface 454 that is formed by curved surface machining at the
inner end. Further, the shaft holding part has flanges 46 (464,
46b) formed on the outer end side. Note that the shaft holding
part 45 is a metal part such as SUS, for example.

The case 20 has the receiving portion 25 as described
above. The receiving portion 25 is made with a depressed
portion on the inner wall of the case 20. The receiving portion
25 is open upward for allowing fitting of the shaft holding part
45.

As shown in FIG. 9, the shaft holding part 45 is mechani-
cally fixed to the case 20, with the outer end part of the shaft
holding part 45 fit into the receiving portion 25. In this
example, the case 20 has protrusions 27 (27a, 27b) for
restricting the placement position of the shaft holding part 45
fit into the receiving portion 25. Thus, by fitting 45 into the
receiving portion 25, the inward movement of the flanges 46
is restricted by the protrusions 27, so that the shaft holding
part 45 can be reliably positioned and fixed to the case 20.
Note that it is preferred to fix the shaft holding part 45 to the
case 20 by applying an adhesive after fitting the shaft holding
part 45 into the receiving portion 25. Further, the link member
45 may be directly fastened to the inner all surface of the case
20 without providing the case 20 with the receiving portion
25. Note that by using a manufacturing method called insert
molding, the shaft holding part 45 and the case 20 may be
integrally formed. In this method, when molding the case 20
with a die after completing assembly of the lens unit 30, the
link member 45 of the lens unit 30 is buried in a part of the die,
thereby making integral molding. In this case, the accuracy of
the position of the lens unit 30 relative to the case 20 can be
enhanced compared to the above-described way of attach-
ment by fitting.

Hereinafter, the configuration of the lens unit 30 is further
described with reference to FIGS. 10 and 11. Note that FIG.
11 is a schematic cross-sectional view along a virtual line in
FIG. 10.

As shown in FIG. 11, the lens holder 31 has the flat surface
31a. Further, the shaft holding part 45 has the curved surface
454 at its inner end. Because the flat surface 314 is made on
the lens holder 31, the movement of the shaft holding part 45
in the x-z plane is permitted to thereby facilitate the assembly
of the lens unit 30.

A schematic cross-sectional structure of the camera mod-
ule 150 is described with reference to FIG. 12. As shown in
FIG. 12, on the backside of the partition 22, ribs (position
restriction portions) 22a and 225 are formed. By these, when
placing the case 20 on the transparent substrate 13, it is
possible to suitably hold down the transparent substrate 13
from the up direction and suitably position the transparent
substrate 13. Note that the placement position of the trans-
parent substrate 13 may be restricted from the up direction
directly by the case 20, without forming the ribs 22a and 2264.

In order to suitably position the transparent substrate 13,
ribs (not shown) opposed to the side face of the transparent
substrate 13 may be formed on the case 20. By these, when
placing the case 20 on the transparent substrate 13, it is
possible to suitably restrict the placement position of the
transparent substrate 13 from the cross direction and thereby
suitably position the transparent substrate 13. Note that the
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placement position of the transparent substrate 13 may be
restricted from the cross direction directly by the case 20,
without forming such ribs.

Note that, as shown in FIG. 12, a reinforcing plate 15 is
disposed below the flexible wiring board 10. The reinforcing
plate 15 is made of resin material such as polyimide. The
color of the reinforcing plate 15 is black. By placing the
reinforcing plate 15, it is possible to suitably prevent extra-
neous light from entering the inside of the camera module
150. Further, in this example, the black flexible wiring board
10 is employed to further suppress the adverse effect of extra-
neous light.

Although not shown in FIG. 12, the image sensor 12 is
connected to wiring formed on the transparent substrate 13
through bumps (solder bumps etc.). In FIG. 12, the illustra-
tion of the bumps is omitted.

An operation of the camera module 150 is described here-
inafter with reference to FIGS. 13 to 16.

First, a configuration of a cellular phone into which the
camera module 150 is embedded is described by referring to
FIGS. 13 and 14.

The camera module 150 is incorporated into a cellular
phone (electronic apparatus) 90 shown in FIG. 13.

As shown in FIG. 13, the cellular phone 90 includes an
upper body (first member) 91, a lower body (second member)
92, and a hinge 93. The upper body 91 and the lower body 92
are both flat-shaped members made of plastic, and they are
joined viathe hinge 93. The upper body 91 and the lower body
92 are configured so that they can be freely opened and closed
by the hinge 93. When the upper body 91 and the lower body
92 are in the closed state, the cellular phone 90 is in the form
of a flat-shaped member with the upper body 91 and the lower
body 92 overlapping with each other.

Theupper body 91 has a display unit 94 on its inner surface.
On the display unit 94, information identifying a caller
(name, telephone number etc.), an address book stored in a
storage unit of the cellular phone 90 or the like is displayed. A
liquid crystal display device is incorporated below the display
unit 94.

The lower body 92 has a plurality of buttons 95 on its inner
surface. A user of the cellular phone 90 operates the buttons
95 to open the address book, make a phone call or set the
phone to a silent mode, for example, thereby operating the
cellular phone 90 as intended. A user of the cellular phone 90
activates the camera module 150 in the cellular phone 90 by
operating the buttons 95.

FIG. 14 shows the structure of the front face (top face) of
the cellular phone 90. As shown in FIG. 14, a display region
96 is provided on the front face of the upper body 91. A LED
in the display region 96 emits light to thereby let a user
recognize incoming call. The above-described camera mod-
ule 150 is incorporated into a region 97 of the upper body 91.

Hereinafter, a system configuration for making the camera
module 150 operate (a configuration of a drive unit of an
actuator) is described with reference to FIG. 15. As shown in
FIG. 15, output of a controller 80 is connected to a pulse
generation circuit 81. Output of the pulse generation circuit
81 is connected to a vibration source 82. Note that the vibra-
tion source 82 corresponds to the above-described piezo ele-
ment 42.

The controller 80 is implemented by execution of a pro-
gram on a CPU incorporated into the cellular phone 90. The
controller 80 activates the function of the camera module
according to the operation of the cellular phone 90 by a user.
The pulse generation circuit 81 generates a drive signal for
driving the vibration source 82 according to a control signal
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from the controller 80. At this time, the autofocus function of
the camera module is in the on-state, and the image sensor is
in the imaging mode.

On the assumption of the above points, the operation of the
camera module 150 (particularly, the operation to displace the
lens holder 31) is described hereinafter with reference to
FIGS.16A and 16B. In this example, a sawtooth-shaped drive
voltage is applied to the piezo element 42. Note that a method
of generating the sawtooth-shaped drive voltage can be easily
made through utilization of normal circuit technology. The
drive voltage waveform is not limited to the sawtooth-shape,
and another waveform may be employed.

First, the case where the drive voltage shown in FIG. 16A
is applied to the piezo element 42 is described. Note that, in
the case shown in FIG. 16 A, a falling period TR2 of the drive
voltage waveform is shorter than a rising period TR1 of the
same.

The lens holder 31 is not disposed during the rising period
TR1 of the drive voltage. The lens holder 31 is disposed
rearward during the falling period TR2 of the drive voltage
waveform. By applying the drive voltage with the waveform
in which the falling period TR2 is shorter than the rising
period TR1 to the piezo element 42, the lens holder 31 can be
disposed rearward (on the image sensor side).

Next, the case where the drive voltage shown in FIG. 16B
is applied to the piezo element 42 is described. Note that, in
the case shown in FIG. 16B, a rising period TR3 of the drive
voltage waveform is shorter than a falling period TR4 of the
same.

The lens holder 31 is disposed forward during the rising
period TR3 of the voltage waveform. The lens holder 31 is not
disposed during the falling period TR4 of the voltage wave-
form. By applying the drive voltage with the waveform in
which the rising period TR3 is shorter than the falling period
TR4 to the piezo element 42, the lens holder 31 can be
disposed forward (on the object side).

As is obvious from the above description, in this embodi-
ment, the transmission shaft 44 is directly fixed to the lens
holder 31. By fixing the shaft holding part 45 engaged with
the transmission shaft 44 to the case 20, the lens unit 30 can be
easily attached to the case 20. It is thus possible to facilitate
the incorporation of the actuator into the camera module 150.

In other words, a structure in which the lens holder 31, the
piezo element 42 and the transmission shaft 44 are displaced
all together when viewed from the case 20 according to drive
of'the piezo element 42 is employed in this embodiment. It is
thereby possible to facilitate the assembly of the camera
module 150 compared to related art.

When the transmission shaft 44 is directly fixed to the lens
holder 31, it is possible to position and fix them with high
accuracy. It is thereby also possible to increase the accuracy
of attaching the transmission shaft 44 to the lens holder 31
compared to related art.

Further, in this embodiment, in the state where the camera
module 150 is assembled, the piezo element 42 is connected
and hung from the transmission shaft 44, and it is in the state
of being suspended in the upper space SP2. In other words,
the piezo element 42 does not directly abut against the case
20. Itis thereby possible to eliminate a structure for fixing the
piezo element 42 and reduce the size of the camera module
150. Further, this eliminates a process for fixing the piezo
element 42 (a bonding process to the casing, a spindle place-
ment process to the transmission shaft etc.), which allows cost
reduction of the lens unit 30 (the camera module 150).

Even when the piezo element 42 is made in the state of
being suspended, the displacement of the lens holder 31 is not
prevented. Generally, it is considered that, for efficient dis-
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placement of a movable object, it is necessary to mechani-
cally fix the piezo element 42 that functions as a vibration
source to another member (case etc.) and make the transmis-
sion shaft 44 free. By the study of the inventors of the present
invention, it has been found that the function of the actuator is
not hindered even when the piezo element 42 is assumed to be
fixed in a space by the weight of the piezo element 42 itself.
Therefore, the displacement of the lens holder 31 is not pre-
vented even when the piezo element 42 is made in the state of
being suspended.

The assembly of the lens unit 30 and the attachment pro-
cess of the lens unit 30 to the case 20 are described hereinafter
with reference to FIGS. 17A to 17D.

First, as shown in FIG. 17A, the transmission shaft 44 is
placed on the upper surface of the piezo element 42, and they
are fixed by bonding. Note that it is assumed that the elec-
trodes 43 are formed in advance by vapor deposition or the
like on the side surfaces of the piezo element 42.

Next, as shown in FIG. 17B, the shaft holding part 45 is
disposed between the support plates 32a and 325 of the lens
holder 31.

Then, as shown in FIG. 17C, the transmission shaft 44 with
the piezo element 42 fastened at the lower end is inserted into
the hole of the support plate 325, the hole of the shaft holding
part 45 and the hole of the support plate 32a. The transmission
shaft 44 is thereby fastened to the support plates 32a and 325.
The shaft holding part 45 is engaged with the transmission
shaft 44 in a slidable manner.

After that, as shown in FIG. 17D, the lens unit 30 is fixed to
the case 20. The main part of the camera module 150 is
thereby assembled.

It should be noted that a method of assembling the camera
module 150 as a whole is arbitrary. For example, the connec-
tor 11 and the image sensor 12 are fixed in advance onto the
flexible wiring board 10. Next, the case 20 is fixed onto the
flexible wiring board 10. Then, the lens unit 30 assembled as
above is fixed to the case 20. After that, the cover 50 is
attached to the case 20. Then, the cover 50 is fixed to the case
20 by the screw 55 or the like.

Finally, FIG. 18 shows a relationship between a drive fre-
quency of the piezo element 42 and a displacement for each of
drive devices having different structures. In FIG. 18, the case
of this embodiment is shown as (1) the case of all-free, a
structure example in which the piezo element is fastened to
the stationary member is shown as (2) the case of piezo
fixation, and a structure example in which one end ofthe drive
shaft with the piezo element fixed at the other end is fastened
to the stationary member is shown as (3) the case of shaft
fixation.

The horizontal axis indicates a drive frequency for the
piezo element, and the vertical axis indicates a displacement
of'the end of the piezo element 42 or the end of the transmis-
sion shaft 44 with respect to the drive frequency.

According to it, in the case of piezo fixation, the displace-
ment is unstable due to resonance in the wide range of 0 to 70
Hz. In the case of shaft fixation, although slight improvement
is seen, the displacement is unstable due to resonance in the
range of' 0 to 50 Hz. In the case of all-free, the displacement is
constant at all frequencies, and remarkably stable output is
obtained. This is because, in the case of all-free, a resonance
frequency that causes a problem shifts to a high frequency
band which is not shown in the graph.

In this embodiment, both of the piezo element 42 and the
transmission shaft 44 are not directly fixed to the case 20 as
the stationary member. Therefore, a drive frequency for the
piezo element 42 can be appropriately set in consideration
only of specific resonance derived from the piezo element 42
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and the transmission shaft 44, without consideration of reso-
nance of the case 20. This enables a manufacturer of drive
parts to set an appropriate drive frequency regardless of the
incorporation state of the drive device into a main body. By
setting an appropriate drive frequency, it is possible to effec-
tively suppress the degradation of the yield of an end product.

Further, a relationship between the transmission shaft
according to the embodiment of the resonance frequency
described above is described in detail. The transmission shaft
44 has a long cylindrical body and transmits the vibration
produced by the piezo element 42 to the lens holder 31. The
transmission shaft 44 is preferably lightweight and highly
rigid. By reducing the weight of the transmission shaft 44, the
resonance frequency can be set to a high frequency band. This
enables a switching signal used for drive of the piezo element
42 to be set to a higher frequency. The same results can be
obtained by increasing the rigidity of the transmission shaft
44. Note that the weight reduction of the transmission shaft 44
also enables faster displacement of the transmission shaft 44.
The transmission shaft 44 is made of material with a relative
density of 2.1 or less. Preferably, the transmission shaft 44 is
made of material with a relative density of 2.1 or less and an
elastic modulus of 20 GPa or more. More preferably, the
transmission shaft 44 is, made of material with a relative
density of 2.1 or less and an elastic modulus of 30 GPa or
more. Explicitly describing specific material, the transmis-
sion shaft 44 is made of glass-like carbon, glass-like carbon
complex at least containing graphite, fiber-reinforced resin
containing carbon, or epoxy resin composite containing glass
or carbon. This allows the resonance frequency to shift to a
high frequency range, enhances operation stability and makes
high-speed drive possible. Note that it is sufficient to shift the
resonance frequency to 220 KHz or higher, and it is 290 GHz
in this embodiment.

Second Embodiment

A second embodiment of the present invention is described
hereinafter with reference to FIGS. 19A and 19B. The camera
module 150 shown in FIG. 19A corresponds to the camera
module according to the first embodiment, and it is different
from the first embodiment in that the piezo element 42 is
placed on the object side. The camera module 150 shown in
FIG. 19B corresponds to the camera module according to this
embodiment.

As is obvious from comparison between FIG. 19A and
FIG. 19B, the piezo element 42 is fastened to the lens holder
31 in this embodiment. Specifically, the piezo element 42 is
fastened onto the support plate 32 of the lens holder 31. In
such a case also, the same advantageous effect as the first
embodiment can be obtained. It is only necessary to fix the
piezo element 42 onto the support plate 32, so that the camera
module 150 can be easily assembled.

Third Embodiment

A third embodiment of the present invention is described
hereinafter with reference to FIGS. 20 to 21B. This embodi-
ment is an alternative example of the first embodiment, and an
IR-cut filter plate 55 is disposed at an opening OP2 of the
partition 22. By blocking invisible light rays such as near
infrared rays and infrared rays, it is possible to effectively
suppress a noise component from being superposed on an
image taken by the image sensor 12. Further, the shaft holding
part 45 holds the transmission shaft 44 with utilization of an
urging force of a spring. In such a case also, the same advan-
tageous effect as the first embodiment can be obtained.
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As shown in FIG. 20, in this embodiment, a width Ta of a
coupled body of the piezo element 42 and the transmission
shaft 44 along the y-axis is equal to or less than a width Tb of
the lens holder 31 along the y-axis. In other words, when Ta is
the width of the coupled body made up of the piezo element
and the transmission shaft along the y-axis and Th is the width
of'the lens holder along the y-axis, Ta<Tb is satisfied. Further,
in the state where the lens holder 31 shown in FIG. 6 is located
on the most object side, an interval Tc between the lower
surface of the cover 50 and the upper surface of the piezo
element 42 is equal to or less than an interval Td between the
upper surface of the cover 50 and the upper surface of the lens
holder 31. In other words, when Tc is the interval between the
lower surface of the cover and the upper surface of the piezo
element 42 and Td is the interval between the upper surface of
the cover and the upper surface of the lens holder 31, Te<Td
is satisfied.

With such setting, the camera module 150 can be effec-
tively reduced in thickness. Note that the position of the lens
holder 31 on the object side is restricted by abutting of the
shaft holding member 45 against the flat plate portion 32aq.
Further, the position of the lens holder 31 on the image sensor
side is restricted by abutting of the shaft holding member 45
against the flat plate portion 325. By appropriately setting the
position of the shaft holding member 45, it can be set so as not
to come into contact with the image sensor 12 with the image
sensor 12 even without the partition 22. Further, by placing
the upper end and the lower end of the flat plate portion 32, the
transmission shaft 44 and the piezo element 42 coupled to or
integrated with the lens unit 31 between the upper end and the
lower end of the lens unit 31, in other words, by disposing the
flat plate portion 32, the transmission shaft 44 and the piezo
element 42 within the range of the length of the lens unit 31 in
the optical axis direction of the lens, it is possible to reduce the
height of the camera module and enable downsizing.

Note that, when the opening OP1 for allowing insertion of
the lens holder 31 is not created in the cover 50, the above-
described interval Td corresponds to the interval between the
lower surface of the cover 50 and the upper surface of the lens
holder 31.

FIGS. 21 A and 21B are schematic views showing the man-
ner of holding the transmission shaft 44 by the shaft holding
part45. The shaft holding part 45 has a shaft receiving portion
for receiving the transmission shaft 44. The shaft holding part
45 holds the transmission shaft 44 by urging, using an urging
mechanism described later, the transmission shaft 44 that is
received in the shaft receiving portion.

As shown in FIG. 21A, the shaft holding part 45 has press
plates (pressing members) 49 (49a, 495) and a spring (urging
member, elastic member) 47 inside an opening of a flat plate
part 48. By holding the transmission shaft 44 tight between
the press plate 49a and the press plate 495 by an urging force
of the spring 47, the transmission shaft 44 and the shaft
holding part 45 are in friction engagement with each other.
Note that a specific structure of the spring 47 is arbitrary, and
another elastic member such as a leaf spring or a rubber may
be used.

As shown in FIG. 21B, the press plate 494 is a member
having a dog-leg shape when viewed from above. The press
plate 49a abuts against the transmission shaft 44 at two points.
The press plate 49a is preferably made of metal. By adopting
this, it becomes possible to effectively suppress a foreign
particle from being produced from the press plate 49a due to
a friction between the transmission shaft 44 and the press
plate 494a. The press plate 495 has the similar structure to the
press plate 49a. A space OP6 is present between the press
plate 49a and the transmission shaft 44. A space OP5 is
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present between the press plate 495 and the transmission shaft
44. Note that the structure of the shaft holding part and the
idea regarding downsizing of the camera module described in
this embodiment are applicable to the first embodiment in
which the piezo element is placed on the image side as a
matter of course.

The technological range of the present invention is not
limited to the above-described embodiments. Each of the
above-described embodiments can be combined with each
other as desirable. A specific application of the lens unit 30 is
arbitrary. A specific application of the camera module 150 is
arbitrary. A specific assembly method of the lens unit 30 and
the camera module 150 is arbitrary. Specific material or the
like of members included in the lens unit 30 and the camera
module 150 are selected as appropriate. The movable object is
not limited to the lens holder, and it may be another compo-
nent such as a shutter. Thus, the movable object is arbitrary,
and it is not limited to an optical component such as a lens and
may be another kind of component. A specific application of
the drive device is arbitrary, and it may be incorporated into
another device different form the camera module.

INDUSTRIAL APPLICABILITY

The present invention may be applied to a drive device
which is incorporated into a main device, for example.

REFERENCE SIGNS LIST

150 CAMERA MODULE

10 FLEXIBLE WIRING BOARD
11 CONNECTOR

12 IMAGE SENSOR

20 CASE

22 PARTITION

24 RAIL

25 RECEIVING PORTION
26 CHANNEL

27 PROTRUSION

29 PARTITION

30 LENS UNIT

31 LENS HOLDER

31a FLAT SURFACE

32 SUPPORT PLATE

33 TRANSMISSION SHAFT
35 RAIL RECEIVING PART
42 PIEZO ELEMENT

43 ELECTRODE

44 TRANSMISSION SHAFT
45 SHAFT HOLDING PART
46 FLANGE

50 COVER

51 TOP PLATE

52 SIDE PLATE

53 THIN PART

55 SCREW

80 CONTROLLER

81 PULSE GENERATION CIRCUIT
82 VIBRATION SOURCE
L1-L4 LENS

OH SCREW HOLE
OP1-OP3 OPENING

SP1 LOWER SPACE

SP2 UPPER SPACE
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The invention claimed is:

1. A drive device comprising:

apiezoelectric element that expands and contracts accord-
ing to a drive voltage;

a drive shaft that is attached to the piezoelectric element
and that receives vibration produced by the piezoelectric
element;

a stationary member that holds the drive shaft in a state
where the drive shaft is slidable along a longitudinal
direction of the drive shaft; and

a movable object that is fixed to the draft shaft, wherein:

the movable object moves, together with the piezoelectric
element and the drive shaft, relative to the stationary
member according to drive of the piezoelectric element,
and

the entire piezoelectric element and the drive shaft move
relative to the stationary member and in a moving direc-
tion of the movable object in synchronization with the
movable object according to drive of the piezoelectric
element.

2. The drive device according to claim 1, wherein the
piezoelectric element and the drive shaft do not project more
than the movable object in the moving direction side of the
movable object.

3. The drive device according to claim 1, wherein the
stationary member includes:

a shaft holding part that holds the drive shaft; and

a main body part to which the shaft holding part is fixed.

4. The drive device according to claim 3, wherein the shaft
holding part is detachable from the main body part.

5. The drive device according to claim 3, wherein the shaft
holding part and the main body part are coupled to each other
by structural engagement.

6. The drive device according to claim 3, wherein the main
body part is a surrounding member that surrounds the mov-
able object.

7. The drive device according to claim 3, wherein the shaft
holding part and the main body part are formed integrally.

8. The drive device according to claim 1, wherein the
movable object has at least one support part that fixedly
supports the drive shaft.

9. The drive device according to claim 1, wherein the
movable object has a plurality of support parts that fixedly
support the drive shaft.

10. The drive device according to claim 6, wherein a shaft
holding part of the stationary member is placed between the
plurality of support parts.

11. The drive device according to claim 10, wherein a
moving range of the movable object is restricted by abutting
ofatleast one of the plurality of support parts against the shaft
holding part.

12. The drive device according to claim 1, wherein the
drive shaft is made of material with a relative density of 2.1 or
less.

13. The drive device according to claim 1, wherein the
drive shaft is made of material with a relative density of 2.1 or
less and an elastic modulus of 20 GPa or more.
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14. The drive device according to claim 1, wherein the
drive shaft is made of at least one material selected from the
group consisting of glass-like carbon, glass-like carbon com-
plex at least containing graphite, fiber-reinforced resin con-
taining carbon, and epoxy resin composite containing glass or
carbon.

15. The drive device according to claim 1, wherein the
piezoelectric element and the drive shaft are coupled to each
other.

16. The drive device according to claim 1, wherein the
movable object is a lens holder that holds a lens.

17. An image acquisition device comprising:

the drive device according to claim 16; and

an image pickup unit that captures an image input through
the lens.

18. An electronic apparatus comprising the image acquisi-

tion device according to claim 17.

19. A drive device comprising:

a stationary member;

a piezoelectric element;

a drive shaft that is attached to the piezoelectric element
and that receives vibration produced by the piezoelectric
element; and

a movable object that is fixed to at least one of the piezo-
electric element and the drive shaft and that moves
according to drive of the piezoelectric element, wherein:

the drive shaft is engaged with the stationary member in a
state of being slidable along a longitudinal direction of
the drive shaft,

the entire piezoelectric element and the drive shaft move
relative to the stationary member and according to drive
of the piezoelectric element, and

the movable object moves, together with the piezoelectric
element and the drive shaft, relative to the stationary
member.

20. A drive device comprising:

a piezoelectric element that expands and contracts accord-
ing to a drive voltage;

a drive shaft that is attached to the piezoelectric element
and that receives vibration produced by the piezoelectric
element;

a stationary member that comprises a shaft holding part
that holds the drive shaft such that the drive shaft is
slidable along a longitudinal direction of the drive shatft;
and

a movable object that is fixed to the drive shaft, wherein:

the movable objected moves, together with the piezoelec-
tric element and the drive shaft, relative to the stationary
member according to drive of the piezoelectric element,

the movable object comprises at least two support parts that
fixedly support the drive shaft, the shaft holding part
being arranged between the two support parts, and

the entire piezoelectric element and the drive shaft move
relative to the stationary member and in a moving direc-
tion of the movable object in synchronization with the
movable object according to drive of the piezoelectric
element.



